FACTS technology opens up new opportunity for operation and control of power system. Out of the various FACTS devices (viz-TCSC, TCPST, UPFC etc.), the right choices for the maximization of power flow in power system network demands attention which helps to achieve the active power flow up to their line limits without any constraint violation and with optimal investment on FACTS devices.
INTRODUCTION
Deregulation of the electricity supply system becomes an important issue in many countries. The global deregulation trends in Electric Supply Industry (ESI) throughout the world act as a vital force in favor of new technologies to best suit the existing power system resources without compromising the system security and social maximization [1, 2] . It demands the efficient control of power system network. Under these circumstances, flexible A.C. transmission system (FACTS) appears to be the most appropriate solution for controlling power flow in a power system network because of its excellent flexibility and versatility [3, 4, 5] . The FACTS technology helps to extend the capacity of existing power system networks up to its thermal limits without the necessity of adding new transmission lines. This capability is helping the ESI to overcome the difficulties to add new transmission lines due to environmental and right-of-way restrictions. FACTS is an outcome of the development of solid state power electronics converters which are being used for power flow control at transmission level of the power system network [6] . In many situations it becomes necessary to increase the power transfer capability of some lines with the installation of facts devices.
The main advantages of FACTS are the ability in enhancing system flexibility and increasing the laudability. [7] In steady state operation of power system, unwanted loop flow and parallel power flow between utilities are problems in heavily loaded interconnected power systems. However ,with the FACTS Controllers, the unwanted power flow can be easily regulated [8, 9, 10] .In this paper, TCSC, TCPST FACTS devices is used for the maximization of power flow in power system network which helps to achieve the active power flow up to their line limits without any constraint violation and with optimal investment on FACTS devices. This paper focuses on the use of multiple FACTS devices to increase the active power flow for selected lines up to its thermal limits. This paper analyses the right choices of various combination of FACTS devices to eliminate the shortcomings of individual ones. Authors have developed an algorithm for proper choice of multiple FACTS devices in the power network to enhance the power transfer capability of existing lines under normal condition very close to their line limits .This algorithm has been applied for modified IEEE 14-bus system [11, 13] .
MODELING OF FACTS DEVICES
Facts technology opens up new opportunities for controlling line power flows, minimizing losses and maintaining bus voltages at desired level in a power system network. These are done by controlling one or more of the interrelated system parameters including series impedance, shunt impedance, current, voltage, phase angle etc. with the insertion of facts controllers in a power system network. Facts controllers may be categorized into four types: [11] . This type device can be cost-effective means of controlling the power flow when the angle between two bus voltages is small.
The equivalent circuit of TCSC is shown in Figure. 1
The real and reactive power flow from bus i to bus j can be expressed as
Similarly, the real and reactive power flow from bus j to bus i can be expressed as
The active and reactive power loss on each line k can be formulated as
Thyristor-Controlled Phase Shifting Transforme r (TCPST)
This could be a combination of separate shunt and series Controllers, which are controlled in a coordinated manner. In principle, combined series and shunt Controllers inject current into the system with the shunt part of the controller and voltage in series in the line with the series part of the controller. The model of the transmission line with TCPST [12] is shown in Figure. 2.
This device can control the voltage phase shift angle. By varying the voltage phase shift angle, active power flow is controlled. The active power flow of a overloaded line can be decreased with negative phase shift and that of a under-loaded line can be increased up to almost the rated capacity.
The real and reactive power flows from bus i to bus j can be derived as,
The real and reactive power loss (P LK, Q LK ) in the line having the TCPR can be expressed as,
The range of the phase shift angle is
Static Var Compe nsator (SVC)
The SVC is a Shunt type Controller and may be variable impedance, variable sources or a combination of these. In principle, it injects current into the system at the point of connection. As long as the injected current is in phase quadrature with the line voltage, it only supplies or consumes variable reactive power. Any other phase relationship will involve handling of real power as well. This device is used to maintain bus voltages at desired level. The compensator is inductive if reactive power has to be absorbed and capacitive if reactive power has to be supplied to maintain the voltage level within specified limit.
MATHEMATICAL FORMULAE
Let a line has ser ies impedance 
……………………………… (1) and the bus admittance matrix can be written as
Y is a square matrix of net series admittance and
is a diagonal matrix of half line charging susceptance.
Insertion of TCPST having a complex tapping ratio
Where,
Now, if a SVC is also connected to a bus then modified bus admittance matrix can be written as
is a diagonal matrix of variable shunt susceptance (b SVC )
Loss sensitivity indices
The proposed method utilizes the sensitivity of total transmission loss (P L ) with respect to the control parameters of FACTS devices for their optimal placement. The control parameters for the three FACTS devices include line net series reactance (X K placed in line k) for TCSC, phase angle shift 
and the loss sensitivity index of phase shift ( k  ) to total power loss will be ,
For computing the loss sensitivity index with respect to SVC an exact loss formula has been used , which express PL as, At bus i , the sensitivity index with respect to the SVC parameter using the above loss formula can be expressed as,
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Crite ria for Optimal Placement
FACTS devices should be placed on the most sensitive bus or line. With the loss sensitivity indices computed for each type of the FACTS devices, the following criteria have been used for their optimal placement.
(1)The TCSC should be placed in a line (m) having most positive loss sensitivity index (am).
(2)The TCPAR should be placed in a line (n) having largest absolute value of the sensitivity factor bn.
(3)The SVC should be placed at a bus i having most negative sensitivity index ci.
The following additional criteria have also been used while deciding on the optimal placement of FACTS. The devices. The TCSC and TCPAR should not be placed between two generation buses, even though the line sensitivity is highest.
(1)The placement of SVC has been considered at load buses only.
EXAMPLE
The proposed method has been tested for special IEEE 14-bus system as shown in Fig.3 . Four FACTS devices are inserted in four lines in the given system. FACTS1, FACTS2, FACTS4 are TCSC devices and FACTS3 is TCPST device. These four devices are connected to increase the active power flows of the selected lines very close to its thermal limits and to find out the minimum values of the devices parameters. The FACTS devices are inserted progressively one at a time. A capacitive type shunt compensator is also connected in bus no. 9. The line parameters and bus parameters are given in tables 1 and 2. 
METHOD OF SOLUTION
A. In this approach nodal admittance matrix is modified considering the presence of series compensators, phase shifter, static Var compensator and tap setting transformer in the power system network. A Newton Raphson load flow programme has been developed on M ATLAB platform. Conventionally, installation of one FACTS device increases the dimension of Jacobean matrix by one. In the proposed techniques dimension of Jacobean matrix is kept unaltered. The line flow equations are solved and checked for convergence after ensuring the convergence of load flow solution for small increment of the values of FACTS devices. Thus the number of equations to be solved in each iteration reduces and consequently takes less time.
B.M odified Simulated Annealing: Simulated annealing is a method based on local search in which each movement is accepted if improves the system energy. Other possible solutions are also accepted according to a probabilistic criterion. Such probabilities are based on the annealing process and they are obtained as a function of the system temperature. The SA strategy starts with a high temperature giving a high probability to accept non-improving movements. The temperature and probability levels diminish as long as the algorithm advances to the optimal solution. In this way, a diversification procedure in the search algorithm is performed with care in the system energy. Therefore, SA has the ability to escape from local minima by accepting non-improving energy solutions during the first and medium stages of the algorithm. SA gives acceptable solutions when the initial temperature is high associated with a slow cooling procedure.
The three most important parameters of the SA technique required to solve any optimization problem are as follows:
1 Besides these three parameters, selection of initial solution plays an important role in the convergence process. In general, SA technique is based on initial solution taken from the randomly chosen variables. In this modified SA approach, the novelty is to take initial solution through N-R method which helps to achieve fast convergence and satisfactory results.
RESULTS AND ANALYSIS
Active line flows are studied with the given examp le in four stages. The results are tabulated in table nos. 3 to 6.
Stage-I: Line loss sensi6tivity is calculated for line no.3 to 20 and result is shown in fig.4 . Case3-A capacitive type TCSC is connected in line no.6 to increase its active power flow up to 0.085 p.u. (8.5M W). It is found that active line flows fail to increase up to the required value even with maximum value of TCSC (0.8XL). This is due to the fact that the angle ( ij  ) between the two bus voltages (ref. 
